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excellent agreement with the model of Avni and Tananbaum (A-T) for the evolution 
of ajJ. However, thte width found here for the a ox distribution is narrower than 
that found by A-T; this narrow width potentially resolves some conflicts between 
inferences derived from X-ray versus optically selected QSOs, but it may also result 
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4.1.1 Kaplan-Meirer Product Limit Estimate for t] 

Distribution of a Censored Variable . . . 

4.1.2 Some Problems with Survival (Analysis) 

4. 1.2.1 Threshold Effects 
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xnai me optical counts of very faint QSOs must begin to flatten at magnitudes Given such potential biases, it might be dangerous to infer that the X-ray properties 

a little fainter than B = 20, if the X-ray background were not to be exceeded of such objects necessarily can be extrapolated to apply to more typical QSOs as 

(e.f., Setti and Woltjer 1979, and Zamorani et al. 1981). By now it was clear that well. Thus, it is important to directly obtain X-ray information on more typical 

the presence of a hot intergalaetic medium of closure density was far from firmly samples of QSOs. Steps forward in this direction have been taken through X- 

established. ray observations of optically selected samples by Marshall (1983) and Kriss and 
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dispersion of order 1500 A/mm: the choices arc a “blue grism' with blare at 3550 A. lighting a discovery spectrum of a high redshift QSO. Flagged are the aero-order 

and a “red grism" with blare at = 6000 A. At the CFHT. the grens of choice was image, the corresponding first-order spectrum, and a prominent emission features 

the blue grens with blare at 4300 A and reciprocal dispersion of 1000 A/mm; a (La at r = 2.4). The price paid for using the IIIaF emulsion is that it has (compared 

green grens with dispersion 2000 A/mm and blare at 5000 Ais also available on the W ' t * 1 emu ' 3 ' on ) * ver T non-uniform response as a function of wavelength. 

CFHT. The blue grens was chosen over the green grens for two reasons: (1) the especially redward of 4800 A, crtMing peaks which can mimic emission lines; note. 





2.3 Selection of QSO candidates 

The plates are scanned visually using a binocular microscope (typically at 7X 
magnification), and an “underlay” grid to systematize the search. To B« 21, there 
are ~ 1000 objects on each plate. Both emission line QSO candidates (the main 
thrust of this paper) and UV excess objects are searched for, and in the « 17 
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OF POOR QUALITY 



1981). For the 30 previously known objects (of all redshifts) listed in Table 2. 3. a 

D1 . T r. _*• e m rii , 4 ,. ,,. ... ,. . r which are brighter than this limiting magnitude of B< 20.5 (assuming, B-V> 0.3 for 

Plate I. Portion of new IIlaF blue grism plate, highlighting a discovery spectrum of 

a high redshift (z = 2.4) QSO. Flagged are the zeroorder image, “O”, and a strong the ob j ects wit h no B magnitude estimates), only eight, or 27%, were not recovered 

emission line “L” (z = 2.4 if Lyman-a). 

in my search of the plates. 
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grism/grens plates are suitable not only for selecting out emission line QSOs. but 
The pre\ iously known QSOs that are the targets of the some of the Einstein also for selecting out such UV excess objects which do not also show emission lines 

X-ray images, will be excluded (even if successfully recovered) from the optically ( see > e -9-< Crampton, Schade, and Cowley 1985; Weedman 1985b). However, this 

selected samples to be defined below. This is necessary to avoid potential X-ray generally is done (and this shortcoming is also true for my sample) in an extremely 

biases of the sort discussed in Chapter 1. unquantitative fashion, relying mainly on the judgment of the eye of the person 
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be seen in Figure 1 of Carswell and Smith (1978) which displays the response curve plate combination, taken in 2” seeing, the limiting detectable (observers frame) 

for the blue grism +IIIaF combination. The response has a broad maximum near equivalent width of La+NV is — 200 A for a continuum magnitude at 1475 A in the 

3500 A with smoothly decreasing sensitivity to 4800 A. Redward of 4800 A there QSO rest frame of m(1475) = 19.8; this corresponds to a continuum B magnitude 

are peaks in the response at 5300A, 6100 A, and 6800 A. Because of these response of B(cont)= 20.0 for z- 1.8, and B(cont)= 20.2 for z= 3.0. Brighter than these 
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These 38 fields cover an area of 12.9 sq. deg.: 40 sample C objects were found in 
these fields, yielding a surface density of 3.10+-0.049 QSOs/sq. deg to B- 19 _» and 
with redshifts 1.8 < z < 3.0. The 40 QSOs of sample C are listed in Table 2. 3. 2.1. a. 
Note that not all 38 fields actually yielded any QSOs which satisfy the parameters 
of sample C, but that these fields must be included in calculating the surface density 
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(1) Previous cataloged objects (see references in Veron-Cetty and Veron 1985): 
12071+398 is previously cataloged as 1207+39W3, 

12354 + 264 is previously cataloged as Wee 73, 

16017 + 184 is previously cataloged as 1601 + 184. 
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surveys were carried out with the identical blue grism 't,ed in the current study. Shown in Figure 2.3.2.2.a and 2.3. 2. 2. b are the distributions in redshift and 

and they found similar magnitude and redshift distributions, surface densities, etc.; optical luminosity for sample N; the distributions have means of < log (/ 2500 ) >= 

so there is every reason to believe that these are quite similar objects to those in 31.44, and < 2 >= 2.1. The QSOs of sample N are listed in Table 2.3.2.2.a, and 

my sample. The X-ray emissions from these 10 objects have been studied in quite finding charts are given in Appendix B. Note that there are 30 objects in common 

deep Einstein IPC images discussed by Kriss and Canizares (1985). Note that for between the samples N and C, it., many sample C objects are also within the 
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space (or for a complete sample like sample C). Sample N will be used to empirically 
test models (e.p.. Avni and Tananbaum 1982) for the evolution of the ratio < 
fik*v/^isoo > w «th i 2S00 and z; the narrow regime of redshift-optical luminosity 
covered by sample N. allows this measurement to be made in a model independent 
fashion. 







Table 2. 3. 2. 2. a The “Narrow" Sample “N" 14151 -f **54 

(31.0 < log (/jsoo) < 32.0 and 1.3 < ^ < 3.0) 14149 + 251 
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4500 A, and thus the test her* for the Sramek and VVWdman sample requires that 
POSS image diameters (which include flux contributions from emission lines), be 
converted into optical continuum magnitudes This is exactly the sort of process 
required for my new grism/grens selected samples. For both these photometric 
teat samples the rms difference: between my POSS estimates and the photome'nc 
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3. THE X-RAY DATA FOR THE GRISM/GRENS SELECTED QSOS Among the four available focal plane instruments (Giacconi et al. 1979a, 1981) 

The previous chapter discussed the selection of a new optical sample of high ^ tW0 inStrUmentS ’ whlch ^ ovide both s P at ^ 

redshift QSOs from grism/grens plates taken in regions of the sky for which the information for X-rays of energy a few k*V. The Imaging Proportional Counter 

most sensitive available X-ray flux information is already extant. In this chapter, (hereafter, the “IPC"), has a field of view of x 60’ (but with ~ 38' x 38' inside 

the archived EinsUin X-ray data for these optically selected QSOs is discussed and th " Wind ° W 8UPP ° rt 8pat,a ‘ resolution of ~ at 15keV - « <***" 




into an annulus, and then brought to a final (point) focus by a second reflection had as their respective primary targets a wide range of potential X-ray sources, 

off a hyperboloidal surface. Because of the grazing incidence angles employed, such including bright stars, cataclysmic variables, clusters of galaxies, normal galaxies, 

mirrors have a small ratio of effective collecting area to polished surface; to pro- and even a few AGN/QSOs. However, the X-ray information on the target (even if 

vide greater collecting area, four such confocal mirrors are nested in the Einstein detected) commonly is contained within only the central few 10s of square arc min 

Observatory. of the IPC, and within less than 1/3 square arc minute in the HRI. Thus, within 







In practice, the objects of interest here (QSOs at faint apparent optical magni- S.2,1.1 Automated Source Detection Algorithms in the IPC 

tudes) have such low X-ray fluxes that the IPC must be used in broadband fash- Each IPC (and HRI) image, has been transformed into a user-useful form by 

ion, combining the counts from a number of contiguous pulse height channels. In t ^ e Einstein Observatory staff at the Center for Astrophysics. The standard IPC 

the IPC, the X-ray background includes contributions from (in roughly decreas- production rt processing (EORUM, Harnden et at. 1984) has been applied to almost 

ing order of importance) the Galactic and extragalactic diffuse X-ray backgrounds, a |i t jj e ,„i c . ^ jpc fields, and includes an automated search technique (in several 
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Note from Eq. 3.2.1.5.a that in converting a broadband count rate into a broad- 0 5 ’ the inferred monochromatic flux at 2keV for a QSO (or e.p., the contribution 

band flux, it has now become necessary to assume an X-ray spectrum. Following of Q SOs t0 the X * rft y background at 2 keV) will be overestimated by ~ 40%. Of 

the usual practice (e.j Zamorani et a!. 1981). it is assumed that the average QSO course, if the slope is actually of order unity, not only has the percentage contribu- 

spectrum (at least in the 0. 5-3.0 keV range) is a power law with spectral (energy) tion of Q SOs t0 the background been markedly overestimated, but it is also quite 




into the conversion of HRI count rates into fluxes. « priori); in this case it is an 18" radius circular detect window. As such, 
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studies of QSOs. ulthough its us* is common in other areas of astronomical research. 
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First, consider this distribution to be an idealised sample N sort of distribution; Table 4.1.2.1a: Non-Random Threshold Effects in Survival Analysis 
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The reason for the systematic underestimate in the presence of thresholds is of the ensemble mean parameters (this is the standard approach), but estimate the 

easy to understand intuitively. Survival analysis typically assumes that the survivor uncertainty in such parameters by conservatively estimating a (suspected) reason- 

function 5 (q oi ) goes to zero at the highest observation (censored or uncensored). able value for the a OI where S(a 0I ) approaches zero for the actual distribution. For 

That is, it truncates the distribution; in a non-parametric approach (without some the idealized distribution of Figure 4.1.2. l.a. we have the luxury of knowing that 




then such quantities as < a 01 >. aS?. etc., become functions of the presumed trun- 
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misleading results if one made the assumption that all QSOs were radio emitters. 
In the latter case there is substantial evidence that there is a dichotomy between 
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no uncertainty in < C >) is (assuming Poisson statistics) Figure 4. 1.2.1. a. For such a Gaussian distribution function and set of parameters, 

the ensemble mean IPC counting rate (0. 5-3.0 keV) would be < a >= 1 .06 ± 0.096 x 
o <F> as < C > (4.2.1.d) 10 -3 counts/sec. For each QSO/image, noise is introduced into the individual 

5,'s B, s, and T,'a (actually Gaussian noise is assumed, but this will qualitatively 
Thus, the signal- to- noise ratio in the ensemble mean flux is (T - B)/{T + B)'/ J . If approximate the expected Poisson noise) for each QSO/image. Then the 100 noise- 
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B«.US€ Simple N occupie* » narrow region of opt.eal luminosity and redshift redskift. low to moderate optical luminosity objects. 

pace, corrections for an> possible dependence of < a„, > on optical luminosity Throughout the discussion, reference will be made to the intensity of diffuse 

and/or redshift should be quite small, and thu- mean parameters can be estimated X-ray background at 2keV. The spectrum and intensity of the the extragalact.c 
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As I have argued earl.er there are several reasons Vo believe that the number should be regarded as an estimated upper limit, 

derived below for the contribution of sample C'-type QSOs to the diffuse X-ray 

background, should probably be regarded as an upper limit on that contribution: Contamination of the sample by non-QSOs of course would tend to dilute the 

(1) A few (< 20' t ) lower redshift OSOs may be contaminating the sample: the ensemble average X-ray flux derived for the sample However, this diluted X-ray 

apparent correlation between < o„ > and optical luminosity (see { 5.2) means flU * '* the " multlplled by “ ,nfl * ted surface density, and these two effects roughly 






over the sky, this estimate is not plagued by me possibility of a large positive or 
negative local fluctuation in the QSO surface density. For the reasons described 
above in § 5.1, this value is more properly considered an upper limit. 




where in the last equation I have also included the expected dispersions due to the 
assumptions about the constancy of the the terms C, and (T t 4- B,)/t,. Effectively, 
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X-ray background). In Chapter 2, we discuss*.? how grism/grens selection is ideally 
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Tananbaum model of Eq. 5.2.b. Thus, the measurements of < a oz > and a' cl 
for sample N strongly confirm the viability of the relationship found by Avni and 
Tananbaum for the dependence of < a Bt > on optical luminosity and/or redshtft. 
Note that the measurements here have made no parametric assumptions about the 
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where < > is that value predicted from Eq. 5.2. a-b with go = 0. Shown in 

Table 5. 2. 2.2. a are some possible examples of the such % effects if the actual value 
is 1, while the assumed value is 0. 
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rcdshift r. and X-ray to optical luminosity ratio characterized by o„. has a flux at ^ empl ° ring th - opt * cal surf *" of E< 1 5 3 • extrapolated to B - 

2 keV (in the observer's frame) of 26) ' the fractionsl contribution of non-evolving (in u„) QSOs to the XRB at 2keV 

(for various values of z tg and in various magnitude interval), is estimated from 

2500 x n 

-Sk.v = (“jgj 1 1 * ■cl"' n - 10 2 10 0 10^ -193*0 ( 5 . 3 .J,) Eq. 5.3 a to be as shown in Table 5 3. a 



iO 00 

d d 


CO 

© 


»o 

CM 


U 

c 

jE 

o 


c 

o 

/. 

wtq 

C-OJ 

g* 

■ “ ft. 


O M 
n uo 


*0 5 

cm ^ 


o § 

ri n 

CM 


: *s 


o C 

-O' 


2 

k-> 

U, 


o>fMO»*oor»i'-o>»ooocMco 

§ <N — < CM — * OO *- ^ CO ^*5 
NS«N»5nNHQO) 
oocm— <00000 *o 

docoododooo 


o 


8 ^coo»ofi^ 

OONhOOO 

oodddodo 


O* »- 00 ^ CM *«y 

8 — « »0 <0 aO co 
© O — O O 

o d o o o c 


05 

6 


o 

»o 

lO 


XI 

< 

H 


i 


CM ID C CM 
y n *f n 

80 S- 

dodo 


t- W o - n M V *0 © ° 

flT ^«ii-aocid^fMC^ ^ d d 


t sV-%.- 


evolve with optical luminosity and/or redshift if QSOs are to dominate (contribute rise a range of apparent optical luminosities for a given intrinsic disk luminosity, 

more than 50%) to the XRB. Note that the reasons enumerated in §5.1 for believing There is evidence for such a disk from the “optical bump” seen in QSO continuum 

that the value found above for aS? for sample N is , rc properly regarded as an spectra ( e.g Malkan and Sargent 1982, Malkan 1983). The X-ray emission is 

estimate of a lower limit on the true value, strene.i > this conclusion; for example, assumed to be more isotropic (for example, it might arise near the very central 

if one repeats the calculations of Table 5. 3. a, but with a z = 1.2, the values in the engine, not in the disk) so that the observed X-ray flux is not strongly affected by 
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log(/ 2 soo) >= 31.44 and < z >- 2.1. Using the approach outlined above in §5.3, 
but with the optical luminosity dependent a% a z of Eq. 5. 5. a, yields the results in 
Table 5 5. a (which should be compared with the Table 5. 3. a). 
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